\ 



PATENT SPECIFICATION an 1 530 080 



00: 



(21) Application No. 39169/77 (22) Filed 20 Sep. 1977 

(31) Convention Application No. 51/115236 j(32) Filed 25 Sep. 

(33) Japan (JP) 1976 in 

(44) Complete Specifiction Published 25 Oct. 1978 

(51) INT. CL. 2 COIF 11/18 

(52) Index at Acceptance 
CIA D8 G47 G47D8 




(54) PRODUCTION OF CALCIUM CARBONATE 



(71) We, SHIRAISHI KOGYO : 
KAISHA LIMITED, a juridical person ; 
under the Law of Japan, of 78, 4-chome, i 
Motohama-cho, Amagasaki-shi, Hyogo-ken, | 
5 Japan, do hereby declare the invention for j 
which we pray that a patent may be granted i 
to us, and the method by which it is to be 
performed, to be particularly described in ■ 
and by the following statement:— • 

10 This invention relates to a process for pre- 
paring precipitated calcium carbonate. • 

The carbonation process has heretofore I 
been practiced on a commercial scale for the 1 
production of precipitated calcium carbo- 

15 nate. According to this process, carbon diox- 
ide is blown into a suspension of calcium 
hydroxide, and the resulting calcium carbo- 
nate is intermittently recovered. However, 
since the operation is carried out batchwise, 

20 the process has the drawbacks of being ineffi- 
cient and giving particles of widely varying 
sizes. Despite various attempts so far made 
to overcome these drawbacks, satisfactory 
results still remain to be achieved. 

25 The inventors have found that precipitated 
calcium carbonate of uniform particle size 
can be continuously produced by repeating 
the step of carbonation reaction in which a 
suspension of calcium hydroxide is sprayed 

30 in the form of droplets of specified diameter 
into a carbon dioxide-containing gas having a 
specified superficial velocity in a column. 
The inventors have further found that fine 
particles of precipitated calcium carbonate 

35 can be produced in an optionally selected 
average size of from 0.02 to 3 /xm by the 
multi-step reaction process when the droplet 
diameter, solids concentration and tempera- 
ture of the calcium hydroxide suspension, the 

40 superficial velocity of the carbon dioxide- 
containing gas, etc. are suitably adjusted. 
This invention has been accomplished based 
on these findings. 

This invention includes a process espe- 

45 cially suited for the production of superfine 



particles of calcium carbonate of less than 0. 1 
fjun in average particle size (to be hereinafter 
referred to simply as "the first process") and 
another process especially suited for produc- 
ing fine particles of calcium carbonate of 50 
from 0. 1 to 3 .0 /im in average particle size (to 
be hereinafter referred to briefly as "the sec- 
ond process"). The first process and the sec- 
ond process, which differ from each other in 
the particle size of the resulting product, 55 
invariably differ from each other in the reac- 
tion conditions involved. Accordingly, the 
first process and the second process will be 
described below individually with respect to 
the reaction conditions. 60 

In the first step of the first process, there is 
the necessity of uniformly producing a suit- 
able amosnt of nuclei of calcium carbonate 
crystals in the form of a thread-like gel or a 
chain-like gel so that the final third step of 65 
the process will give superfine calcium car- 
bonate particles involving reduced variations 
in particle size and up to 0.1 /xm in average 
particle size. For this purpose, a suspension 
of calcium hydroxide having a solids con- 70 
centration of up to 10 wt. % and a tempera- 
ture of from 1°C to 30° C is sprayed in the 
form of droplets of from 0.2 to 1.0 mm in 
diameter against a gas containing from 10 to 
40 vol. % of carbon dioxide in countercur- 75 
rent contact therewith while the gas is being 
passed upward through a column at a super- 
ficial velocity of from 0.02 to 0.5 m/sec, 
whereby from 5 to 15% of the calcium hyd- 
roxide is converted to calcium carbonate. If 80 
the solids concentrate exceeds 10 wt. % or 
the temperature of the suspension is higher 
than 30C C, a vigorous and non-uniform 
reaction takes place, giving crystal nuclei 
which are uneven in shape and size, with the 85 
resulting tendency that the calcium carbo- 
nate particles finally obtained are similarly 
uneven in shape and size. When the diameter 
of the droplets of the suspension is greater 
than 1.0 mm, the reaction proceeds 90 
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unevenly, whereas if it is smaller than 0.2 
mm, the droplets will be run off from the 
reaction column as entrained in the carbon 
dioxide-containing With less than 10 vol. % 
5 of careon dioxide present, the reaction fails 
to proceed satisfactorily, whereas the use of 
over 40 pol. % of carbon dioxide does not 
noticeably favour the reaction and is there- 
fore economically disadvantageous. When 
10 the carbon dioxide-containing gas is passed 
at a superficial velocity of less than 0.02 
m/sec, the reaction will not fully proceed, 
while if the velocity is higher than 0.5 m/sec, 
the droplets of the calcium hydroxide sus- 
15 pension tend to flow out from the column 
along with the gas. The temperature of the 
carbon dioxide gas, although not particularly 
limited, is preferably from 20 to 40° C in 
view of economy. In the first step of the first 
20 process, it is preferable that a suspension of 
calcium hydroxide having a solids concentra- 
tion of from 4 to 7 wt. %and a temperature of 
from 10 to 25° C be sprayed in the form of 
droplets of from 0.5 to 1.0 mm in diameter 
25 against a gas containing from 20 to 35 vol. % 
of carbon dioxide and passed upward 
through the column at a superficial velocity 
of from 0.02 to 0.20 m/sec. 
In the second step of the first process, car- 
30 bon dioxide is reacted with the suspension 
resulting from the first step and containing 
nuclei of calcium carbonate crystals in the 
form of a thread-like gel or a chain-like gel 
for the growth of the crystals. At a tempera- 
35 ture of fro 1C C to 30° C, the suspension 
from the first step is sprayed in the form of 
'droplets of from 1.0 to from 2.0 mm in 
diameter into column in countercurrent 
contact with a gas containing from 10 to 40 
40 vol. % of carbon dioxide while the gas is 
being passed upward through the column at a 
superficial velocity of from 1.0 to 3.0 m/sec. 
This achieves from 95 to 98% carbonation. 
The suspension subjected to the second step, 
45 although having the same temperature as in 
the first step, is sprayed as droplets of in- 
creased diameter against the carbon dioxide- 
containing gas which is fed at a correspond- 
ingly increased superfixial velocity, since the 
50 suspension contains crystal nuclei. Prefer- 
ably, the suspension to be subjected to the 
second step of the first process has a solids 
concentration of from 5 to 10 wt. % and a 
temperature of from 15 to 30°C and is spray- 
55 ed v in the form of droplets of from 1.0 to 1.5 
mm in diameter against a gas containing from 
15 to 35 vol. % of carbon dioxide and passed 
upward through the column at a superficial 
velocity of 1.5 to 1.5 m/sec. 
60 In the third step of the first process, the 
suspension from the second step is further 
reacted with carbon dioxide to complete the 
growth of the crystals. Thus, the suspension 
from the second step is sprayed at a tempera- 
65 ture of from 1 ° C to 30° C and in the form or 



droplets of from 1.5 to 2.0 mm in diameter 
into a column in countercurrent contact with 
a gas containing from 10 to 40 vol. % of 
carbon dioxide while the gas is being passed 
upward through the column at a superficial 70 
velocity of 1.5 to 3.0 m/sec, whereby the 
carbonation reaction is completed, affording 
superfine particles of precipitated calcium 
carbonate less than 0.1 /xm in size. Although 
the suspension is subjected to the reaction of 75 
the third step at the same temperature as in 
the first step, the droplets of the suspension 
are of increased diameter and the minimum 
superficial velocity of the carbon dioxide- 
containing gas is correspondingly increased, 80 
because the suspension contains fairly grown 
crystals. Preferably, the suspension to be 
subjected to the third step has a solids con- 
centration of from 5 to 10 wt. %and a temp- 
erature of from 25 to 30° C and is sprayed as 85 
droplets of from 1.5 to 2.0 mm in diameter 
against a gas containing from 20 to 35 vol. % 
of carbon dioxide and passed upward 
through the iolumn at a superficial velocity of 
from 1.5 to 3.0 m/sec. The calcium carbo- 90 
nate formed can be separated with ease in a 
usual manner, for example with the use of a 
filter press or vacuum filter. 

The superfine particles of precipitated cal- 
cium carbonate less than 0.1 in average 95 
size and obtained by the first process involve 
greatly reduced variations in size. Such a 
product, which can not be produced by the 
conventional carbonation process, is very 
useful as a filler for reinforcing rubber, plas- 100 
tics, and the like. 

The second process is intended continu- 
ously to produce particles of precipitated cal- 
cium carbonate of from 0.1 to 3.0 /xm in 
average size. Uniformly to produce a suitable 105 
amount of nuclei of calcium carbonate cryst- 
als in the form of bundled threads in the first 
step, a suspension of calcium hydroxide hav- 
ing a solids concentration of from 10 to 15 
wt. % and a temperature of from 30 to 80° C 110 
is sprayed in the form of droplets of from 0.2 
to 1.0 mm in diameter against a gas contain- 
ing from 10 to 40 vol. %of carbon dioxide in 
countercurrent contact therewith while the 
gas is being passed upward through a column 1 15 
at a superficial velocity of from 0.02 to 0.5 
m/sec, whereby 5 to 15% of the calcium 
hydroxide is converted to calcium carbonate. 
If the solids concentration is less than 10 wt. 
% or the temperature of the suspension is 120 
lower than 30° C, the particles of calcium 
carbonate finally obtained will be less than 
0.1 fxm in size. If the solids concentration 
exceeds 15 wt. %, it becomes difficult 
uniformly to spray the suspension in the form 125 
of droplets, reducing the uniformity of the 
particle distribution of the final product. 
Further when the temperature of the suspen- 
sion is higher than 80° C, the crystal nuclei 
formed will be uneven in shape and size, with 130 
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the result that the final product will contain 
particles greater than 3 /xm. .When the 
diameter of the droplets of the suspension is 
greater than 1.0 mm, the reaction proceeds 
5 unevenly, whereas if it is smaller than 0.2 
mm, the droplets will be run off from the 
reaction column as entrained in the carbon 
dioxide-containing gas. With less than 10 vol. 
% of carbon dioxidQ present, the reaction 

10 fails to proceed satisfactorily, whereas the 
use of over 40 vol. % of carbon dioxide does 
not noticeably favour the reaction and is 
therefore economically disadvantageous. 
When the carbon dioxide-containing gas is 

15 passed at a superficial velocity of less than 
0.02 m/sec, the reaction will not fully pro- 
ceed, while if the velocity is higher than 0.5 
m/sec, the droplets of the calcium hydroxide 
suspension tend to flow out from the column 

20 along with the gas. In the first step of the 
second process, it is preferable that a suspen- 
sion of calcium hydroxide having a solids 
concentration of from 10 to 15 wt. % and a 
temperature of from 40 to 80° C be sprayed 

25 in the form of droplets of from 0.5 to 1 .0 mm 
in diameter against a gas containing from 15 
to 35 vol. % of carbon dioxide and passed 
upward through the. column at a superficial 
velocity of from 0.02 to 0.1 m/sec. . • 

30 In the second step of the second process, 
carbon dioxide is reacted with the suspension 
resulting from the first step and containing 
nuclei of calcium carbonate crystals in the 
form of bundled threads for the growth of the 

35 crystals. At a temperature of from 30 to 80° 
C, the suspension from the first step is 
sprayed in the form of droplets of from 1.0 to 
2.0 mm in diameter into a column in counter- 
current contact with a gas containing from 10 

40 to 40 vol. %of carbon dioxide while the gas is 
being passed upward through the column at a 
superficial velocity of from 0.02 to 1.0 
m/sec. This achieves from 95 to 98%carbo- 
nation. Although the suspension is subjected 

45 to the second step at the same temperature as 
in the first step, the droplets of the suspen- 
sion are of increased diameter and the max- 
imum superficial velocity of the carbon 
dioxide-containing gas is also correspond- 

50 i n gly increased for the growth of the crystals. 
Preferably, the suspension to be subjected to 
the second step of the second process has a 
solids concentration of from 13 to 20 wt. % 
and a temperature of from 45 to 80° C and is 

55 sprayed as droplets of from 1.5 to 2.0 mm in 
diameter against a gas containing from 15 to 
35 vol. % of carbon dioxide and passed 
upward through the column at a superficial 
velocity of 1.5 to 2.5 m/sec. 

50 In the third step of the second process, the 
suspension from the second step is further 
reacted with carbon dioxide to grow the cal- 
cium carbonate crystals to an average size of 
from 1.0 to 3.0 /xm. Thus, the suspension 

65 from the second step is sprayed at a tempera- 



ture of from 30 to 80° C and in the form of 
droplets of from 1.5 to 2.0 mm in diameter 
into a column in countercurrent contract 
with a gas containing from 1 0 to 40 vol. % of 
carbon dioxide while the gas is being passed 70 
upward through the column at a superficial 
velocity of from 1.5 to 3.0 mm/sec. 
Although the suspension is subjected to the 
third step at the same temperature as in the 
first step, the droplets of the suspension are 75 
of increased diameter and the minimum sup- 
erficial velocity of the carbon dioxide- 
containing gas is correspondingly increased 
since the suspension contains fairly grown 
crystals. Preferably, the suspension to be 80 
subjected to the third step has a solids con- 
centration of from 13 to 20 wt. % and a 
temperature of from 50 to 80° C and is 
sprayed as droplets of from 1.5 to 2.0 mm in 
diameter against a gas containing from 15 to 85 
35 vol. % of carbon dioxide and passed 
upward through the column at a superficial 
velocity of from 1.5 to 3.0 m/sec. The cal- 
cium carbonate formed can be separated 
with ease in a usual manner, for example with 90 
the use of a filter press or vacuum filter. 

The fine particles of precipitated calcium 
carbonate obtained by the second process 
are of uniform size, 1.0 to 3.0 jjum on the 
average. The product is therefore very useful 95 
as a filler, extender pigment, and the like for 
industrial products such as rubber, plastics, 
paper, coating compositions, printing inks 
and the like. 

A mode of practising this invention will be 100 
described below with reference to the flow 
chart of Figure 1. 

A suspension of calcium hydroxide is fed 
through a line 1, a pump 2 and a line 3 an 
sprayed from a nozzle 4 into a column 5 for 105 
the first-step reaction. By way of a line 6 and 
a blower 7, a carbon dioxide-containing gas is 
fed to the column 5 upward. from its lower 
portion to effect the first-step reaction. 
When the gas used for the reaction still con- 1 10 
tains carbon dioxide in a sufficiently high 
concentration, the gas can be circulated to 
the column 5 from its upper portion via a line 
8. After the reaction, the carbon dioxide- 
containing gas is suitably run off from the 115 
column 5 from its top via a line 9. The feed 
rate of the carbon dioxide-containing gas 
from the line 6, the concentration of the car- 
bon dioxide, the rate of circulation of the gas 
through the line 8, the rate and timing of 120 
discharge of the gas from the line 9 are 
determined in accordance with the concent- 
ration and temperature of the calcium hyd- 
roxide suspension, the degree of progress of 
the reaction, etc. J25 

The suspension resulting from the first- 
step reaction is passed through a line 10, a 
pump 11 and a line 12 and sprayed from a 
nozzle 13 into a column 14 for the second- 
step reaction. Through a line 15 and a blower 130 
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16, a carbon dioxide-containing gas is fed to 
the column 14 upward from its lower portion 
for the second-step reaction. Since the car- 
bonation reaction must be effected to 95 to 
5 98% in the column 14, the suspension 
remaining in the bottom of the column may 
be repreatedly sprayed from the nozzle 13 
via a line 17, the pump 11 and the line 12 
when so desired. The carbon dioxide- 

10 containing gas is circulated through a line 18 
and discharged from a line 19 in the same 
manner as in the first-step reaction. 

The suspension resulting from the 
second-step reaction is further passed 

15 through a line 20, a pump 21 and a line 22 
and sprayed from a nozzle 23 into a column 
24 for the third-step reaction against a car- 
bon dioxide-containing gas fed to the column 
24 from its lower portion via a line 25 and a 

20 blower 26 and flowing upward through the 
column, whereby the final third-step reaction 
is conducted. The carbon dioxide-containing 
gas is circulated through a line 27 and dis- 
charged through a line 28 in the same man- 

25 ner as in the first step reaction. The resulting 
suspension containing calcium carbonate 
particles of the desired size is drawn off via a 
line 29. The calcium carbonate is separated 
from the suspension in a usual manner as by a 

30 filter press or vacuum filter and recovered as 
solids. 

Since carbon dioxide can be absorbed by a 
calcium hydroxide efficiently with uniform 
progress of the carbonation reaction accord- 
35 ing to this invention, it has become possible 
for the first time to commercially efficiently 
produce fine particles of calcium carbonate 
in desired sizes free of variations. 

40 Example 1 

In the first step, a suspension of calcium 
hydroxide having a solids concentration of 
6.0 wt. % and a temperature of 15° C is 
sprayed in the form of droplets about 0.5 mm 

45 in diameter and at a rate of 3000 kg/hr 
against a gas containing 30 vol. % of carbon 
dioxide, having a temperature of 30° C and 
fed at a rate of 30 m 3 /hr (superficial velocity 
0.1 m/sec) to effect a uniform reaction. Fig. 2 

50 is an electron micrograph (20,000X) showing 
crystal nuclei in the form of a thread-like gel 
or chain-like gel obtained at a carbonation 
degree of 12%. 

In the second step, the suspension result- 

55 ing from the first step is sprayed in the form 
of droplets about 1.2 mm in diameter against 
a gas containing 30 vol. %of carbon dioxide, 
having a temperature of 30° C and fed at a 
rate of 230 mVhr (superficial velocity of 2.0 

60 m/sec) for a rapid and uniform reaction to 
effect the carbonation to 98%, whereby dis- 
persed fine particles are formed. 

In the third step, the suspension from the 
second step is sprayed in the form of droplets 

65 about 1.5 mm in diameter against a gas con- 



taining 30 vol. %of carbon dioxide and hav- 
ing a temperature of 30° C and fed at a rate of 
10 mVhr (superficial velocity of 2.5 m/sec) 
for a rapid and uniform reaction, whereby 
the carbonation is completed. At a rate of 70 
240 kg/hr, the reaction yields precipitated 
calcium carbonate in the form of dispersed 
particles about 0.03 yxm in average size. Fig- 
ure 3 is an electron micrograph (2,000X) 
showing the particles of precipitated calcium 75 
carbonate obtained. 

Example 2 

In the first step, a suspension of calcium 
hydroxide having a solids concentration of 80 
6.5 wt. % and a temperature of 25° C is 
sprayed in the form of droplets about 0.7 mm 
in diameter and at a rate of 3000 kg/hr 
against a gas containing 30 vol. % of carbon 
dioxide, having a temperature of of 30° C 85 
and fed at a rate of 40 mVhr (superficial 
velocity 0.2 m/sec) to effect carbonation to 
15% by a uniform reaction. 

In the second step, the suspension result- 
ing from the first step is sprayed in the form 90 
of droplets about 1.5 mm in diameter against 
a gas containing 30 vol. %of carbon dioxide, 
having a temperature of 30° C and fed at a 
rate of 230 m /hr (superficial velocity of 2.5 
m/sec) for a rapid and uniform reaction to 95 
effect the carbonation to 98%, whereby dis- 
persed fine particles are formed. 

In the third step, the suspension from the 
second step is sprayed in the form of droplets 
about 2.5 mm in diameter against a gas con- 100 
taining 30 vol. %of carbon dioxide and hav- 
ing a temperature of 30° C and fed at a rate of 
20 mVhr (superficial velocity of 3.5m/sec) 
for a rapid and uniform reaction, whereby 
the carbonation is completed. At a rate of 105 
260 kg/hr, the reaction yields precipitated 
calcium carbonate in the form of particles 
about 0.08 /xm in average size. 

Example 3 1 10 

In the first step, a suspension of calcium 
hydroxide having a solids concentration of 
10 wt. % and. a temperature of 60° C is 
sprayed in the form of droplets about 1 .0 mm 
in diameter and at a rate of 2000 kg/hr 115 
against a gas containing 20 vol. % of carbon 
dioxide, having a temperature of 30° C and 
fed at a rate of 45 mVhr (superficial veloxity 
0.05 m/sec) to effect a mild reaction and to 
thereby continuously form crystal nuclei in 120 
the form of bundled threads at a carbonation 
degree of 10%. 

In the second step, the suspension result- 
ing from the first step is sprayed in the form 
of droplets about 1 .6 mm in diameter against \25 
a gas containing 20 voL %of carbon dioxide, 
having a temperature of 30° C and fed at a 
rate of 380 mVhr (superficial velocity of 0. 1 
m/sec) and is reacted repeatedly with the gas 
to effect the carbonation to 95%. whereby 130 
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dispersed fine particles 0.8 ftm in average 
size are formed. 

In the third step, the suspension from the 
second step is sprayed in the form of droplets 
5 of about 1.6 mm in diameter against a gas 
containing 20 vol. % of carbon dioxide and 
having a temperature of 30° C and fed at a 
rate of 25 m /hr (superficial velocity of 2.5 
m/sec) for a rapid and uniform reaction, 
10 whereby the carbonation is completed. At a 
rate of 270 kg/hr, the reaction yields precipi- 
tated calcium carbonate in the form of parti- 
cles about 1.0 fim in average size. 

15 Example 4 

In the first step, a suspension of calcium 
hydroxide having a solids concentration of 
15 wt. % and a temperature of 80° C is 
sprayed in the form of droplets 1.0 mm in 

20 diameter and at a rate of 3000 kg/hr against 
a gas containing 30 vol. %of carbon dioxide, 
having a temperature of 30° C and fed at a, 
rate of 90 mVhr (superficial velocity of 0.02 
m/sec) to achieve a carbonation degree of 

25 15% by a uniform reaction. 

In the second step, the suspension result- 
ing from the first step is sprayed in the form 
of droplets 2.0 mm in diameter against a gas 
containing 30 vol. % of carbon dioxide, hav- 

30 ing a temperature of 30° C and fed at a rate of 
500 mVhr (superficial velocity of 1.0 m/sec) 
for a rapid and uniform reaction to effect the 
carbonation to 98%. 

In the third step, the suspension from the 

35 second step is sprayed in the form of droplets 
2.0 mm in diameter against a gas containing 
30 vol. % of carbon dioxide and having a 
temperature of 30° C and fed at a rate of 20 
mVhr (superficial velocity of 3.0 m/sec) for. 

40 a rapid and uniform reaction, whereby the 
carbonation is completed. At a rate of 240 
kg/hr, the reaction yields precipitated cal- 
cium carbonate in the form of particles 3.0 
/im in average size. 

45 WHAT WE CLAIM IS: 

1. A process for the continuous produc- 
tion of calcium carbonate having a particle 
size of less than 0.1 /xm, the process compris- 
ing 

50 (a) a first step of spraying a suspension of 
calcium hydroxide having a solids concentra- 
tion of from 0.1 to 10% by weight and a 
temperature of from 1 to 30°C in the form of 
droplets having diameters of from 0.2 to 1.0 

55 mm against a gas containing from 10 to 40 % 
by volume of carbon dioxide in countercur- 
rent contact therewith while the gas is being 
passed upward through a column at a super- 
ficial velocity of from 0.02 to 0.05 m/sec to 

60 effect carbonation to 5 to 15%, 

(b) a second step of spraying the suspension 
resulting from the first step having a temper- 
ature of from 1 to 30°C in the form of drop- 
lete having diameters of from 1.0 to 2.0 mm 

65 against a gas containing from 10 to 40% by 



volume of carbon dioxide in countercurrent 
contact therewith while the gas is being pas- 
sed upward through a column at a superficial 
velocity of from 1.0 to 3.0 m/sec to effect 
carbonation to 95 to 98%, and 70 
(c) a third step of spraying the suspension 
resulting from the second step having a 
temperature of from 1 to 30°C in the form of 
droplets having diameters of from 1.5 to 2.0 
mm against a gas containing from 10 to 40% 75 
by volume of carbon dioxide in countercur- 
rent contact therewith while the gas is being 
passed upward through a column at a super- 
ficial velocity, of from 1.5 to 3.0 m/sec to 
complete the carbonation. go 

2. A process according to claim 1 in 
which the solids concentration of the suspen- 
sion of calcium hydroxide in the first step is 
from 4 to 7% by weight. 

3. A process according to claim 1 or 85 
claim 2 in which the temperature of the sus- 
pension of calcium hydroxide in the first step 

is from 10 to 25 °C. 

4. A process according to any preceding 
claim in which the droplets of the suspension 90 
of calcium hydroxide in the first step have 
diameters of from 0.5 to 1.0 mm. 

5. A process according to any preceding 
claim in which the gas in the first step con- 
tains from 20 to 35% by volume of carbon 95 
dioxide. 

6. A process according to any preceding 
claim in which the superficial velocity of the 
gas in the first step is from 0.02 to 0.2 m/sec. 

7. A process according to any preceding 100 
claim in which the suspension used in the 
second step has a solids concentration of 
from 5 to 10% by weight. 

8. A process according to any preceding 
claim in which the temperature of the sus- 105 
pension used in the second step is from 15 to 
30°C, 

9. A process according to-any preceding 
claim in which the droplets of the suspension 
used in the second step have diameters of 110 
from 1.0 to 1.5 mm. 

10. A process according to any preced- 
ing claim in which the gas in the second con- 
tains from 15 to 35% by volume of carbon 
dioxide. 1 15 

11. A process according to any preced- 
ing claim in which the superficial velocity of 
the gas in the second step is from 1.5 to 2.5 
m/sec. 

12. A process according to any preced- 120 
ing claim in which the suspension used in the 
third step has a solids concentration of from 5 

to 10% by weight. 

13. A process according to any preced- 
ing claim in which the temperature of the 125 
suspension used in the third step is from 25 to 
30°C. 

14. A process according to any preced- 
ing claim in which the gas in the third step 
contains from 25 to 35% by volume of car- 130 



1,530,080 



mm 



bon dioxide. 

15. A process for the continuous produc- 
tion of calcium carbonate having a particle 
size of from 0.1 to 3.0 /tm, the process com- 

5 prising: 

(a) a first step of spraying a suspension of 
calcium hydroxide having a solids concentra- 
tion of from 10 to 15% by weight and a= 
temperature of from 30 to 80°C in the form- 

10 of droplets having diameters of from 0.2 to; 
1.0 mm against a gas containing 10 to 40 %• 
by volume of carbon dioxide in countercur- 1 
rent contact therewith while the gas is being 
passed upward through a column at a super- 

15 ficial velocity of from 0.02 to 0.5 m/sec to 
effect carbonation to 5 to 15%, 

(b) a second step of spraying the suspension 
resulting from the first step having a temper- 
ature of from 30 to 80°C in the form of 

20 droplets having diameters of from 1.0 to 2.0 
mm against a gas containing 10 to 40 % by 
volume of carbon dioxide in countercurrent 
contact therewith while the gas is being pas- 
sed upward through a column at superficial 

25 velocity of from 0.02 to 1.0 m/sec to effect 
carbonation to 95 to 98%, and 

(c) a third step of spraying the suspension 
resulting from the second step having a 
temperature of from 30 to 80°C in the form 

30 of droplets having diameters of from 1.5 to 
2.0 mm against a gas containing 10 to 40 % 
by volume of carbon dioxide in countercur- 
rent contact therewith while the gas is being 
passed upward through a column at a super- 

35 ficial velocity of from 1.5 to 3.0 m/sec to 
complete the carbonation. 

16. A process according to claim 15 in 
which the temperature of the suspension of 
calcium hydroxide in the first step is from 40 

40 to 80°C. 

17. A process according to claim 15 or 
claim 16 in which the droplets of the suspen- 
sion of calcium hydroxide in the first step 
have diameters of from 0.5 to 1.0 mm. 

45 18. A process according to any of claims 
15 to 17 in which the gas in the first step 
contains from 15 to 35% by volume of car- 
bon dioxide. 

19. A process according to any of claims 
50 15 to 18 in which the superficial velocity of 

the gas in the first step is from 0.02 to 0.1 
m/sec. 

20. A process according to any of claims 



15 to 19 in which the suspension used in the 
second step has a solids concentration of 55 
from 13 to 20% by weight. 

21. A process according to any of claims 
15 to 20 in which the temperature of the 
suspension used in the second step is from 45 
to80°C. go 

22. A process according to any of claims 
15 to 21 in which the droplets of the suspen- 
sion used in the second step have diameters 
of from 1.5 to 2.0 mm. 

23. A process according to any of claims 65 
15 to 22 in which the gas in the second step 
contains from 15 to 35% by volume of car- 
bon dioxide. 

24. A process according to any of claims 

15 to 23 in which the superficial velocity of 70 
the gas in the second step is from 0.05 to 1 .0 
m/sec. 

25. A process according to any of claims 
15 to 24 in which the suspension used in the 
third step has a solids concentration of from 75 
13 to 20% by weight. 

26. A process according to any of claims 
15 to 25 in which the temperature of the 
suspension used in the third step is from 50 to 
80°C. 80 

27; A process according to any of claims 
15 to 26 in wich the gas in the third step 
contains from 15 to 35% by volume of car- 
bon dioxide. 

28. A process for the continuous produc- 85 
tion of calcium carbonate having a particle 
size of less than 0.1 /im, the process being 
substantially as described herein with refer- 
ence to Example 1 or Example 2. 

29. A process for the continuous produc- 90 
tion of calcium carbonate having a particle 
size of from 0.1 to 3.0 /ahi, the process being 
substantially as described herein with refer- 
ence to Example 3 or Example 4. 

30. Calcium carbonate having a particle 95 
size of less than 0.1 fxm produced by a pro- 
cess according to any of claims 1 to 14 or 28. 

31. Calcium carbonate having a particle 
size of from 0.1 to 3.0 /xm produced by a 
process according to any of claims 1 5 to 27 or 100 
29. 
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